The velocityfield is analyticallyobtainedfor the resin flow witha movingfront in a rectangularmold. The results exhibit the characteristics of steady fountain flow. Approximate solutions in form of partial sums and their accuracies are also investigated.
Introduction
Transport characteristics in the front region of the mold flow are of increasing importance in composite materials processing such as resin injection molding (RIM) and structural reaction injection molding (SRIM). Behind the advancing surface, the flow field of the injected resin in a mold exhibits a unique mass and heat transport characteristics, so-called fountain flow [1, 2] , which is characterized by the motion of fluid particles near the advancing flow front upward towards the mold wall. The "unfolding" of the fluid particles towards the mold wall directly affects the transport characteristics such as the temperature distribution and fiber orientation and its concentration near the front. Furthermore, the fountain flow is independent of constitutive equations [3] . So far, various numerical simulations on fountain flows have been conducted to determine the flow field and front shape [2, 4, 5] . The attempt to solve the Navier-Stokes equation analytically for the flow field in the pipe of an infmite length under the action of a piston (similar to the moving flow front) has been made by Bhattacharji and Savic [6] . This solution in the semi-infinite domain is not suitable for determining the transport characteristics in a finite domain which is the case encountered in most practical analyses of mold fillings. In this regard, this work provides a solution in a finite flow domain for the mold flow with a moving front.
Analytical Solution
Consider a steady moving boundary flow in the gap between two parallel plates of 2b apart. The flow front advances at a constant velocity U. To facilitate the analysis, the Cartesian coordinate system moves with the front; therefore, the resulting flow domain shown in Figure 1 is bounded by the stationary flow front at r =a. In this moving coordinate system, the mold wall moves backward at the velocity -U. Since the flow is symmetric about the centerline y =0, the solution domain is confined between the centerline and upper wall. The flat front assumption is adopted in this work to simplify the geometry of the problem so that analytical solutions can be obtained. This assumption has been used by many researchers such as Lekakou and Richardson [4] who showed that this assumption has little effect on the fountain flow characteristics. Si.nce the~eynolds n.umber is small .in most flow problems in polymer processing, the convective terms m the Navier-Stokes equanons can be neglected and the governing equation for (1) (2) Equation (1) and the above boundary conditions form a coupled elliptic system with the mixed boundary conditions. Using the separation of variables and Green's function [7] , the above system yields the following solution for the stream function, aU - 3 .
Results and Discussion
The Figure 2 shows the stream function in the moving coordinate system represented by solution (2) with a = 3, b = 1, and U = 1, where a partial sum of 30 terms (N = 30) is used. The streamline pattern exhibits the up-folding of the fluid elements. This feature implies the importance of the fountain flow effect to the heat and mass transfers in the front region of the resin flow. For example, the temperature near the mold wall may be higher in the front region than that in the upstream region due to the transport of fluid element of higher temper-ature from the center to the wall due to the up-folding. The fiber orientations may also be predicted different!y when the fountain flow is incorporated into the simulations, which may affect the final evaluation of the strength of the short fiber reinforced composites. It is further noticed that an arbitrary term in (2) satisfies governing equation and all the boundary conditions except the no-slip condition at the mold wall y.=b. For example, the first term of the exact solution (2) plotted in Figure 3 c~show the up-folding phenomenon. The above results show that the partial sum of the exact solution (2) .of N terms can be treated as the stream function of fountain flow which slips at the wall. In fact, this treatment may be closer to the realistic mold filling processes due to the rolling motion of polymeric resins at the wall. The influence of N on the accuracy of the longitudinal velocity field can be observed in Figure 4 by plotting the partial sum of the velocity field defined by u = '1')' for different N. Figure 4 shows the longitudinal velocity distribution in y direction at the section r, = 0.9a in the stationary coordinate system (fixed to the wall). For obtaining a good approximation of the velocity field, N =5 seems adequate. 
Conclusions
This work offers an analytical solution to a steady resin flow in a rectangular mold where the free surface of the resin advances at a constant velocity. The analytical solution shows that the fluid elements diverts from the centerline of the mold to the wall in the region near the moving front. The solution procedure is based on a finite solution domain which is the case encountered in most mold filling practices where the mold shape is complex. Therefore, this procedure could be further developed to investigate the resin flows with realistic boundary conditions with complex mold shapes. It was shown that the each term in the solution in form of an infmite series satisfies the governing equation and the boundary conditions except the no-slip condition at the wall. This finding enables us to approximate the exact solution by partial sums so that more efficient computational and analytical schemes can be developed for the resin flow in a complex shaped mold.
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